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CHAPTER V] I SUMMARY
As descr ibed in  Chapter  I ,  there  is  no  consensus  about  the
q u e s t i o n  w h i c h  m e t h o d  o f  p r e s e r v a t i o n  i s  t h e  b e s t .  I t  i s
g e n e r a l l y  a g r e e d ,  h o w e v e r ,  t h a t  h y p o t h e r m i c  m a c h i n e  p r e s e r v a -
f i o n  i q  f o  h e  n r e f e r r e d  b O  C O l d  S t o r : o e  f o r  n r e s c r v a t i o n s  i n
e x c e s s  o f  3 6  h o u r s  ( K o h n ,  1 9 7 1 i  B e L z e r ,  I 9 7 2 ;  B a x b y ,  l 9 ' 1 4 ;
T . i  n h { -  1 Q . ' l ' 7  -  D a d d  r  q 7 Q  \
H o w e v e r ,  h i s t o l o g j c a l  c h a n g e s  m i g h t  o c c u r  d u r i n g  m a c h j n e
p r e s e r v a t i o n  w h i c h  r e m a i n  a b s e n t  d u r i n g  c o l d  s t o r a g e  ( S p e c t o r ,
I 9 7 6 ;  H i L l ,  I 9 7 6 ) .  M o r e o v e r  I - m o n t h  a n d  l - y e a r  g r a f t  s u r v i v a l -
i c  r 6 n ^ r f d n l r z  1 o - s  o n o j  a f f c r  m a c h i n F  n r p q p r \ / a F i n n  t h a n  a f t g f
c o l d  s t o r a g e  ( C l a r k ,  I 9 7 3 ,  I 9 7 4 ) .
T h e  d a f a  n r t r q p n f p d  h r r  C l a r k  q 4 1 1 1 g  f r O m  6 9  d i f f e r e n t  c e n t r e se v s  v j
and fac to rs  o ther  than the  cho ice  o f  p reserva t ion  method have
p r o b a b l y  i n f l u e n c e d  t h e s e  r e s u l t s  a s  w e l - I .
M r r r e o \ / e r -  l - h e  c o m n ; r i s o n  o f  f h e  f w o  m c l - h o d s  n f  n r e g g r v a t i o n  i s
o f t e n  u n t e n a b l e  b e c a u s e  m a c h i n e  p r e s e r v e d  k i d n e y s  h a v e  a s  a
r u l e  b e e n  s t o r e d  l o n g e r  t h a n  k i d n e y s  p r e s e r v e d  b y  c o l d  s t o r a g e
( P e g g ,  I 9 7 8 ) .  O t h e r  a u t h o r s  f o u n d  n o  d i f f e r e n c e  j n  p r e s e r v a t i o n
r e s u l t s  b e t w e e n  t h e  t w o  m e t h o d s  ( S c o t t ,  I 9 7 4 ;  S l o o f f ,  l 9 7 B ;
B e c k ,  I 9 1 9 )  o r  o b t a i n e d  b e t t e r  r e s u l L s  b y  m a c h i n e  p r e s e r v a t i o n
t r e h o i  I  I  Q ? ( .  D : r r n a  1 Q ' 1 1 \  T n  ^  r a ^ a n t -  l r r a o - c n : 1 ,
,  L J " t .  ' - * - 3  r e L r o s p e c -
t i v e  s t u d y ,  O p e l z  a n d  T e r a s a k i  w e r e  u n a b l e  t o  e s t a b l i s h  a n y
a d v a n t a g e  o f  h y p o t h e r m i c  p r e s e r v a t i o n  o v e r  c o l d  s t o r a g e  ( O p e l z ,
r 9 B 2 ) .
C h a p t e r  I I  o f  t h i s  t h e s  i  s  d e s c r i b e s  t h e  m o r p h o l o g i c a l
c h a n g e s  w h i c h  r e s u l t  a f t e r  9 6 - I 4 4  h o u r s r  c o n t j - n u o u s  h y p o t h e r m i c
1 o w  p r e s s u r e  p r e s e r v a t i o n .
R i o n q v  q n p c i m e n q  ^ h 1 - ^ i n e d  n r i o r  f o  m a r : h i n t r  n r o s p r \ r a t i . o n  b u tt s t v r ! r  v (
a f t e r  f l u s h i n g  w i t h  E u r o c o l l i n s  s o l u t i o n  s h o w e d  v e r y  s l i g h t
i n d i c a t i o n s  o f  t u b u l e  c e l I  n e c r o s i s ,  a n d  s o m e  k i d n e y s  s h o w e d
q i a n q  n f  f n n e l  i n i - o r c # i J -  i : l  n a n h r i f i c  . F h 6  l i n h t - - m r  c r o s c o p - r c
f i n d i n g s  i n  b i o p s y  s p e c i m e n s  o b c a i n e d  3 0  m i n u t e s  a f t e r  r e s t o -
r a t i o n  o f  t h e  c i r c u l a L i o n  i n  t h e  p r e s e r v e d  k i d n e y ,  c o m p r i s e d
n n l r r  r r p r r r  q l  i a h t  n h : n a o q  i n  f h a  Q 6 - l r n r r r q l  n r a c o r r z : l , * : t o n  g r o u p .
T h e s e  c h a n g e s  c o n s i s t e d  o f  s l i g h t  t u b u l e  c e l I  n e c r o s i s  a n d
s l i g h t  i n t e r s t i t i a f  o e d e m a .  F i b r i n  d e p o s i t s ,  c y l i n d e r s  o r
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vascu la r  changes were  no t  observed.  A l1  k idneys  had l i fe -
s u s t a i n i n g  f u n c t i o n .  I n  t h e  1 4 4 - h o u r s r  p r e s e r v a t i o n  g r o u p ,
however ,  the  changres  were  pronounced:  marked tubu le  ce l l
necros j -s  and leucocy te  in f i l t ra t ion .  In  th is  g roup on ly  one
o u t  o f  s i x  d o g s  h a d  a  l i f e s u s t a i n i n g  f u n c t i o n .
Ev ident ly  there  is  a  l inear  cor re l -a t ion  be t rveen the  dura t ion  o f
p r e s e r v a t i o n  a n d  t h e  s e v e r i t y  o f  t h e  h i s t o l o g i c a l  c h a n g e s  a n d
f u n c t i o n .
Another  h is to log ica l  examinat ion  was made a f te r  the  pos t
mor tem.  L igh t -mic roscop ic  examinat ion  revea led  leucocy tes  in
a l l  spec imens.  Moreover ,  the  spec imens f rom the  144-hours '  p re-
serva t ion  group conta ined many cy l inders  and showed marked
t u b u l e  c e l l -  n e c r o s i s .  T h i s  l i g h t - m i c r o s c o p r c  e x a m i n a t i o n
revea led  no  vascu la r  o r  g lomeru la r  changes.  The presence o f
leucocy tes  can be  ascr ibed a t  leas t  in  par t  to  the  ure tero-
c u t a n e o s t o m y  ( H e r m a n n ,  1 9 6 9 ) .  O n  t h e  o t h e r  h a n d  i t  i s  c o n c e i -
vab le  tha t  p ro longed exposure  o f  the  k idney  in  the  organ
conta iner  to  a  per fusa te  no t  con ta in ing  an  an t ib io t i c  may have
p layed a  ro le .  The o ther  changes 1n  the  b iopsy  spec imens were
non-spec i f i c  and cons is ten t  w i th  the  changes observed a f te r  any
p e r i o d  o f  i s c h a e m i a  ( F i n ,  1 9 8 0 ) .  C h a n g e s  a s  d e s c r l b e d  i n  s o -
ca l led  per fus ion  nephropathy  were  no t  observed in  the  b iopsy
s p e c i m e n s  f r o m  t h e  k i d n e y s  w e  s t u d i e d  ( S p e c t o r ,  I 9 7 6 ) .
I n  c h a p t e r  I f I  t h e  p o s s i b l e  f a v o u r a b l e  e f f e c t  o f  i n t e r -
med ia te  normothermic  ex-v j -vo  per fus lon  was eva lua ted .  The
deve loped method 1s  descr ibed and two groups  o f  p reserved
k idneys  were  compared:  a  g roup w i th  and one w i thout  normothermic
ex-v ivo  per f  us  j .on .
Func t ions  in  the  two groups  were  s tud ied  by  da i l y  de termi -
n a t i o n  o f  s e r u m  c r e a t i n i n e  v a l u e s .  T h e  9 6  h o u r s '  m a c h i n e
p r e s e r v a t i o n  i n t e r r u p t e d  a f t e r  4 8  h o u r s  b y  a  4  h o u r  p e r i o d  o f
normothermic  ex-v ivo  per fus ion ,  1ed to  a  be t te r  rena l  func t lon
af te r  au to t ransp lan ta t ion  and cont ra la te ra l  nephrec tomy than
9 6  h o u r s r  m a c h i n e  p r e s e r v a t i o n  w i t h o u t  i n t e r r u p t i o n  ( s t u d e n t s
t - t e s t ,  p  <  0 . 0 1 ) .
By in t roduc ing  a  4  hour  per iod  o f  normothermic  ex-v ivo
p e r f u s i o n  i n  a  I 4 4  h o u r s r  p e r i o d  o f  p r e s e r v a t i o n  ( C h a p t e r  I V )  ,
w e  a c h i e v e d  l i f e s u s t a l n i n g  k i d n e y  f u n c t _ i o n  i n  f i v e  o f  t h e  s r x
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exper iments  per fo rmed.  In  the  cont ro l  q roup on ly  one an imal  ou t
o f  s i x  a n i m a l - s  s u r v i v e d  w i t h  a  k i d n e y  a f t e r  a  6 - d a y  p e r i o d  o f
m a c h i n e  p r e s e r v a t i o n .  O n  t h e  t h i r d  d a y  a f t e r  a u t o t r a n s p l - a n t a -
t i o n  a n d  c o n t r a l - e t a r a l  n e p h r e c t o m y ,  t h e  t w o  g r o u p s  d i f f e r e d
s i c r n L f i c a n t l y  i n  s e r u m  c r e a t i n j n e  v a f u e s  ( S t u d e n t s  t - t e s t ,
p  \  0 . 0 0 0 5 ) .  A  c o n s e c u t i v e  s e r i e s  o f  s u c c e s s f u l  1 4 4  h o u r s '
k i d n e y  p r e s e r v a t i o n s  w a s  t h u s  c o m p l e t e d  f o r  t h e  f i r s t  t i m e .
C h a p t e r  V  d e s c r i b e s  a  s t u d y  t o  e s t a b l i s h  h o w  l o n g  t h e
per iod  o f  normothermic  ex-v ivo  per fus ion  has  to  be  to  ob ta in
t h e  f a v o u r a b l e  e f f e c t .
F o r  t h i s  p u r p o s e ,  p r e s e r v a t i o n  i n  t h e  1 4 4  h o u r s t  m o d e l
w a s  i n t e r r u p t e d  a f t e r  7 2  h o u r s  b y  a  p e r i o d  o f  0 ,  I ,  2 , 3  a n d  4
hoursr  normothermic  ex-v ivo  per fus ion  in  the  donor  an lma l .  On
t h e  b a s i s  o f  t h e s e  e x p e r i m e n t s  ( f i g u r e  i  o f  C h a p t e r  V ) ,  i n
w h i c h  s u r v j v a l  w a s  1 / 6 ,  0 / 6 ,  6 / 6  a n d  5 / 6 ,  r e s p e c t i v e l y ,  i t  w a s
c o n c l u d e d  t h a t  a  3 - h o u r s  p e r i o d  o f  n o r m o t h e r m i c  e x - v i v o  p e r f u -
s ion  is  needed to  ob ta in  a  favourab l -e  e f fec t .  The serum crea t i -
n ine  de terminat ions  a f te r  au to t ransp lan ta t ion  and cont ra la te ra l
nephrec tomy showed tha t  p roLongat ion  o f  the  per iod  o f  normo-
+ h o r n i n  n a r f " e i n n  f 6  4  h n r r r q  o i r r e q  n o  f r r r l - h e r  i m n r O V e m e n t  j n
r e n a l  f u n c t i o n ,  a n d  c o n s e q u e n t l y  d o e s  n o t  f a v o u r a b l y  e f f e c t
s u r v i v a f .
The above s tud ies  demonst ra ted  a  favourab le  e f fec t  o f  a
per iod  o f  normothermic  ex-v ivo  per fus ion  in  p reserva t ion
r e s u l t s .  T h e  u n d e r l y i n g  m e c h a n i s m  i s  s t i 1 1  o b s c u r e ,  b u t  s e v e r a l -
h y p o t h e s i s  a r e  c o n c e i v a b l e .
l - ,  Even a t  the  low tempera tures  wh ich  preva i l  in  mach lne
p r e s e r v a t i o n ,  c o n t i n u a t i o n  o f  m e t a b o l i c  p r o c e s s e s  m a y  l e a d
t o  a  d e f i c i t  o f  n u t r i e n t s  i n  t h e  p e r f u s a t e  ( B u h I ,  1 9 7 6 )  .
E x - v i v o  p e r f u s i o n  c o u l d  c o r r e c t  t h e s e  d e f i c i t s  b e f o r e
i r r e v e r s j b l e  i s c h a e m i c  d a m a g e  d e v e l o p s .  A  c o r r e l a t i o n
between the  to ta l  concent ra t ion  o f  aden ine  nuc leo t ides
and the  s t ruc tu re  o f  the  ml tochondr ia ]  has  been demonst ra ted
( S o u t h a r d ,  I 9 7 7  )  .  N o r m o t h e r m i c  e x - v i v o  p e r f u s i o n  m i g h t
r p n l  A t F .  l -  h e q p  a d e n i n e  n U C l e O t i d p q  a n d  1 .  h r r q  n r o r r a n l -  d a m a o oy !  v  v  v r r
to  the  mi tochrondr ia l  s t ruc tu re  and conseguent lv  ce l -1
d e a t h .
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2 .  S e v e r a l  a u t h o r s  ( A b o u n a ,  1 9 7 2 ;  G r u n d m a n n ,  I 9 7 4 )  h a v e
m e n t i o n e d  t h e  p o s s i b i l i t y  o f  a c c u m u l a t i o n  o f  t o x i c
metabo l i tes  in  the  per fusa te .  Grundmann obta ined be t te r
r e s u l t s  b y  r e p l a c i n g  u s e d  p e r f u s a t e  w i t h  f r e s h  p e r f u s a t e
( G r u n d m a n n ,  I 9 7 4  ) .  W e n - P e n  L i u  ( 1 9 7 3 )  I i k e w i s e  r e p l a c e d
h  i  q  n c r F r r q a  l - c  r ^ r i  J - h  f  r c c h  n p r f  r r q a l o  d r r r i  n c  h  i  q  ? - d r r r  n r o c a r -
v a t i o n s .  V l i l l i a m s  ( I 9 7 3 )  d e m o n s t r a t e d ,  h o w e v e r ,  t h a t  a n
^ v ^ L - h ^ ^  ^ f  n a r f r r q a | . o  d a \ / a  n o  i m n r n r r a m a n . Fs ^ g r t q r l Y s  u !  l - _ -  r r ( ( l / ! v v s r . r s r r L .
3 .  A I s o  t h e  t w o  a b o v e  m e n t i o n e d  f a c t o r s  c o u l d  e f f e c t  e a c h
o t h e r .
A  p e r i o d  o f  e x - v i v o  p e r f u s i o n  c o u l d  s u p p l y  t h e  k i d n e y  w i t h
nut r ien ts  o r  o ther  b l -ood cons t i tuents  wh lch  render  i t  fess
s u s c e p t i b l e  t o  t h e  t o x i c  m e t a b o l i c  p r o d u c t s .
C h a p t e r  V I  d e s c r i b e s  r e n a l  f u n c t i o n  t e s t s  p e r f o r m e d  i n
order  to  es tab l i sh  j -n  some deta i l  what  happens dur ing  normo-
f h e r m i c  c v - r r i r z o  q g s f g g i O n .  T h e  r e n a l  f U n c t i o n  t e s t s  w e r e
n e r f o r m e d  i n  t h p  n r c r r i o r r s l v  d e q c r i h e d  6 - d a v  n r e c c r y S l j O n  m O d e L1 4  v  v  4 v u v 4 J
T h  ^ h a  n r e s e r v a t i o n  w a s  i n t e r r r t n l - e d  a f  ] - e r  ? ?  h o r r r s  h v  ar  y l e J U !  r  e I  q
? - h n r r r  n e r i o d  ^ f  n O 1 . m o t h e f m i C  e X - \ / i r z o  n e r f  r r s i o n .  D r . -  j - -  ! L r  -J  r f v u r  } / s ! r v u  v !  r r u r r L r v L r r s ! r r r r v  s 4  v r v v  p E t ! u o r v r r .  u u ! l r r v  u r r r J
p e r i o d ,  t h e  g l o m e r u l a r  f i l t r a t i o n  r a t e  ( G F R )  a n d  t h e  e f f e c t i v e
rena l -  p lasma f low (ERPF)  were  de termined.  In  four  o f  the  f i ve
measurements  the  GFR and ERPF both  rose  to  severa l  t imes the i r
r e s p e c t i v e  v a l u e s  a f t e r  a  1 - h o u r  ,  w i t h i n  3  h o u r s ,  o f  n o r m o t h e r -
mic  ex-v ivo  per fus ion .  The increase in  ERPF exceeded tha t  in
r  ? l
G F R .  T h i s  i m p l i e s  a n  i n c r e a s e  i n  e x t r a c t i o n  l - 1 a b e ] I e d
h i n n r r r a n  w i f h  i n c r a - e i n a  f i m a  . - d  i n d i c a f c q  i m n r o r , T g f l  t U b U I ee r r L L v ,  g r r u
c e l l  f u n c t i o n  d u r i n g  n o r m o t h e r m i c  e x - v i v o  p e r f u s i o n .
Th i  s  nhenomenon had been observed a l_so  in  the  human
c i + r r : f i n n  i n  r . r h i c h  f h e  E R P F  i m n r o r r c d  r l r r l i  n a  f h p  f i r S t  2 4  h O U f sv  v g  g g !  4 r r :
a f t e r  a u t o t r a n s p l a n t a t i o n  ( H e n d e r s o n ,  l 9 5 B  )  .  C o m p l e t i o n  o f  t h e
1 4 4  h o u r s '  m a c h i n e  p r e s e r v a t i o n  w a s  f o l l o w e d  b y  a u t o t r a n s p l a n -
ta t ion  and cont ra l -a te ra l  nephrec tomy.  GFR and ERPF were  aga in
determined a f te r  these two opera t ions .  I t  was  found tha t  the
f i l t r a t i o n  f r a c t i o n  ( F F =  G F R , z E R P F )  w a s  a  d e t e r m i n a n t  t e s t  o f
a n i m a l  s u r v i v a l .  A  l o w  F F  (  < 0 . 2 6 )  w a s  a s s o c i a t e d  w i t h  v l a b l e
r a n : 1  € r r n n # i n n  t . r h a r a : c  :  h i a l r  E E  (  \  0 . 5 ' l )  w a s  : s S O C i a t e d  W i t . hL  \  / .  v . J J l
a non- func t ion ing  k idney  and subsequent  u reamic  death .
The exper iments  descr lbed in  th is  ther ls  ind lca te  the
o l
d i rec t ion  in  wh ich  an  open ing  may be  found to  p ro longed k idney
(or  o rgan, l  p reserva t ion .  Arnong the  techn ica l  aspec ts  wh ich
r e q u i r e  f u r t h e r  s t u d y ,  t h e  d e s i g n  o f  a  h e a r t - l u n q  m a c h i n e  r a n k s
f i rs t .  Th is  hear t - lung  mach ine  is  to  rep lace  the  donor  an ima l
" u s e d "  i n  t h e s e  s t u d i e s .  O n l y  i f  s u c h  a  m a c h i n e  1 s  t e c h n i c a l l v
t ^ - ^ i L t ^  ^ - t  ^  s ^L-edsrore  dr rc l  d .  ravourab le  e f tec t  i s  s t i l l  observed,  can
c l i n i c a l  a p p l i c a t i o n  b e c o m e  t h e  n e x t  s t e p .
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